Introduction
============

Peritoneal metastasis, from gastric cancer, is the most typical non-curative factor in patients with advanced gastric cancer (AGC). It commonly occurs when tumor cells are released into the abdominal cavity after the tumor is exposed, following serosal invasion.([@B1]-[@B3]) Except for the cases with severe peritoneal metastasis, such as carcinomatosis, as it is very difficult to diagnose peritoneal metastasis from gastric cancer via a preoperative examination on disease stage, peritoneal metastasis is often found during surgery for a radical gastrectomy. Thus, some researchers suggested that diagnostic laparoscopy should be conducted on all patients with AGC.([@B4],[@B5]) However, an incidence rate of peritoneal metastasis is 4\~23% in patients with AGC, which is relatively low; the conduct of diagnostic laparoscopy in all the patients wastes time and money([@B6]-[@B8]) Thus, it is most desirable that patients with high risk of peritoneal metastasis should be selected before surgery among patients with AGC, and then diagnostic laparoscopy should be conducted on the selected patients.

In peritoneal metastasis from AGC, its incidence rate increases as T and N stage increases. In particular, serosal invasion by tumors is the most critical factor.([@B9],[@B10]) Thus, patients with AGC, which shows serosal invasion in preoperative examinations for clinical stage, are considered subjects who are suitable for diagnostic laparoscopy. However, computed tomography (CT) and gastric endoscopic ultrasound, which are mainly used for diagnosing the invasion depth of gastric cancer before surgery, showed that their sensitivity to serosal invasion was 40% and 55%, respectively.([@B11],[@B12])

Accordingly, this study was retrospectively conducted on patients who had undergone radical gastrectomy, due to Borrmann I/II/III type AGC, to analyze the correlation of preoperatively clininopathological parameters and serosal invasion, and to stratify the serosal invasion risk of AGC by combining the statistically significant parameters.

Materials and Methods
=====================

This study was retrospectively conducted on 3,529 patients (2,395 males, 1,134 female, male to female ratio 2.1 : 1) with Borrmann I/II/III type gastric cancer, among the patients who had undergone radical gastrectomy at the Korea Cancer Center Hospital from 1991 to 2005, and who had been diagnosed with AGC (\>T1) in a histological examination. Patients that were excluded were those with Borrmann IV type, who had a high risk of serosal invasion, and those with Borrmann V type, who has a low risk of serosal invasion.([@B13]-[@B16])

The patient\'s gender, age, Borrmann type, tumor size, longitudinal and horizontal location of tumor, histologic grade, and tumor invasion depth were retrospectively reviewed, using pathological reports and medical records. The longitudinal location of tumor was classified into the upper 1/3, middle 1/3, lower 1/3, and whole type. The horizontal location of tumor was classified into lesser curvature, anterior, greater curvature, posterior, and encircling type. Histologic type of tumor was classified into the differentiated type, which includes papillary adenocarcinoma, well differentiated tubular adenocarcinoma, and moderately differentiated tubular adenocarcinoma, as well as the undifferentiated type, which includes poorly differentiated tubular adenocarcinoma, signet ring cell adenocarcinoma, mucinous adenocarcinoma, and other adenocarcinomas.

The subjects were classified into the negative group in which the tumor invasion was limited to the muscularis propria or subserosa (1,208 patients), and the positive group with serosal invasion (2,321 patients), according to the presence of serosal invasion (visceral peritoneum or adjacent structure), and then the correlation of clinicopathological parameters that can be assessed before surgery with serosal invasion was analyzed. In addition, after the subjects were classified via the combination of the statistically significant risk factors of serosal invasion, the positive rate of serosal invasion was examined for each group. The subjects were classified into the low-risk, intermediate-risk, and high-risk groups if the positive rate of serosal invasion ≤40%, 40\~70%, and \>70%, respectively, followed by stratification, according to serosal invasion risk. In addition, the overall survival curve was compared, among the 3 groups. For the follow-up of the patients, interview, physical examination, tumor markers, plain chest X-ray and abdominal CT were conducted every 3\~4 months, for 2 years after the surgery; and thereafter, they were conducted every 6 months. Gastric endoscopy or upper gastrointestinal series was conducted at least once a year. Follow-up period, death, and reasons for death were examined using the patient\'s medical records and statistics, such as the Korea cancer registry program.

A statistical analysis was conducted, using SPSS for Window version 13.0 (SPSS Inc., Chicago, IL, USA). A Chi-square test was used for univariate analysis of nominal variables, and logistic regression was used for multivariate analysis. A survival analysis was conducted, using the Kaplan-Meier survival curve and Log-rank test. If P\<0.05, it was considered statistically significant.

Results
=======

1. Correlation of clininopathological parameters with serosal invasion in AGC
-----------------------------------------------------------------------------

Univariate and muitivariate analysis showed that among the clinicopathological parameters, the Borrmann type, tumor size, tumor\'s longitudinal and horizontal location, and histologic grade had a statistically significant correlation with serosal invasion by tumor; however, the patient\'s gender and age had no correlation with serosal invasion ([Table 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}).

Of the total 3,529 patients, the serosal invasion rate was shown to be 46.2% in patients with Borrmann I type (n=130, 3.7%), 62.9% in patients with Borrmann II type (n=1,114. 31.6%), and 68.3% in patients with Borrmann III type (n=2,285, 64.7%), which showed that the serosal invasion rate was high in patients with Borrmann II and III. The odd ratio of serosal invasion was shown to be 2.3-fold and 3.1-fold higher in patients with Borrmann II and III, respectively, than in the patients with Borrmann I type. In addition, when patients were divided into the 2 groups, according to the reference tumor size of 7 cm, and the serosal invasion rate was then compared between the 2 groups, the serosal invasion rate was shown to be 58.2% in the group with tumor size \<7 cm and 81.9% in the group with tumor size ≥7 cm. Furthermore, the odd ratio of serosal invasion was also shown to be 3.1-fold higher in the group with tumor size ≥7 cm than in the group with tumor size \<7 cm.

When the serosal invasion rate was compared, according to the longitudinal location of the tumor, no significant difference was found, according to the location of the upper, middle, and lower location. However, most of the patients with the whole type, which invades the 3 areas from the upper to the lower stomach, and comprises only 1.5% (54 cases) of the total patients, showed serosal invasion positivity. Meanwhile, when the serosal invasion rate was compared according to the horizontal location of the tumor, no significant difference was found, according to the location of lesser curvature, anterior, greater curvature, and posterior. However, it was shown to be 85.3% in the patients with encircling type, which was significantly higher than that of other tumors, and the odd ratio was also shown to be 2.5-fold higher in patients with encircling type than in patients with other types. When the serosal invasion rate was compared according to histologic classification of tumor, it was shown to be 61.1% in the patients with differentiated type and 69.9% in the patients with undifferentiated type, which showed a statistically significant difference, despite an odd ratio of 1.2-folds.

2. Classification of serosal invasion risk in AGC
-------------------------------------------------

After the subjects were classified via the combination of the statistically significant risk factors of serosal invasion, the positive rate of serosal invasion was examined in each group. However, as the serosal invasion rate was 94.4% and 85.3% in patients with whole type and patients with encircling type, respectively, which were very high, they were assigned to the high risk group by a single factor. The subjects were classified according to the combination of three factors: Borrmann type, tumor size, and histologic grade, and then the serosal invasion rate of each group were examined ([Table 3](#T3){ref-type="table"}).

Each group was classified into the following; low-risk, intermediate-risk, and high-risk groups according to the positive rate of serosal invasion ≤40%, 40\~70%, and \>70%, respectively ([Fig. 1](#F1){ref-type="fig"}). The serosal invasion rate was shown to be 21\~32% in the group with tumor size \<7 cm and Borrmann I type, corresponding to the low risk group. Meanwhile, it was shown to be 84\~87% in the group with tumor size ≥7 cm and Borrmann III type and group with tumor size ≥7 cm, Borrmann II type, and undifferentiated type, which corresponded to the high risk group. The classification of serosal invasion risk showed that 25% of the total patients corresponded to the high risk group. In addition, when the overall survival curve was compared via the comparison of prognosis among the three groups, a poor prognosis was shown in the high risk, intermediate risk, and low risk groups, in that order ([Fig. 2](#F2){ref-type="fig"}).

Discussion
==========

Peritoneal metastasis has been known to be the most common non-curative factor in patients with AGC. An incidence rate of peritoneal metastasis has been reported to be approximately 4\~23% in open surgery, which is assessed to be resectable in a preoperative assessment.([@B6]-[@B8]) In this case, problems such as patient\'s suffering from surgery, possibility of complication, delayed chemotherapy, and unexpected metastasis to the wound site may occur. Due to the recent development of gastric endoscopic ultrasound and imaging studies, the accuracy of clinical staging and the diagnostic rate of metastatic lesion have been increasing. However, the diagnostic rate of peritoneal metastasis from gastric cancer is still low. Noninvasive examinations, which are mainly used for determining the clinical staging of gastric cancer, include abdominal CT, positron emission tomography-CT and gastric endoscopic ultrasound, but they have low sensitivity to peritoneal metastasis.([@B11],[@B12])

Owing to the recent development of laparoscopic surgery, diagnostic laparoscopy for determining the clinical staging of AGC has been gradually increasing. Relative to a permanent histological examination on peritoneal metastasis, suspected by laparoscopic examination, the diagnostic sensitivity and accuracy of laparoscopic examination on peritoneal metastasis were reported to be 65\~95% and 85\~100%, respectively. The change rate of the treatment of patients with AGC by diagnostic laparoscopy, and the rate of preventing unnecessary open surgery have been reported to be 10\~60% and 10\~45%, respectively.([@B17]-[@B22]) The NCCN and ESMO guidelines mentioned that all patients with gastric cancer that is expected to be resectable are subjects for the indication of diagnostic laparoscopy.([@B19],[@B20]) Meanwhile, the SAGES guideline limited subjects for diagnostic laparoscopy to patients with suspected serosal invasion.([@B21]) In this study, considering that an incidence rate of peritoneal metastasis is 4\~23% during open surgery, the conduct of diagnostic laparoscopy on all the patients with AGC was considered inefficient, as it increases temporal and economic costs. Thus, authors thought that the SAGES guideline is more appropriate for the application of diagnostic laparoscopy in patients with AGC.

In general, peritoneal metastasis occurs by the direct invasion of tumor into the gastric wall and penetrating the serosa. Sadeghi et al.([@B23]) reported that serosal invasion was observed in 95% of patients with peritoneal metastasis, and that the invasion was limited to the muscularis propria or subserosa, in only 5% of patients with peritoneal metastasis. Thus, if tumor invasion depth is accurately determined before surgery, the risk of peritoneal metastasis can be preoperatively assessed and an appropriate examination for determining clinical stage can be additionally conducted.

Although tumor invasion depth can be diagnosed by noninvasive imaging studies, such as abdominal CT, positron emission tomography-CT, and gastric endoscopic ultrasound, they have a sensitivity of 40%, 65%, and 55%, respectively, for the diagnosis of serosal invasion, which shows low accuracy.([@B10]-[@B12]) Owing to the recent development of radiological devices, Spiral CT and MDCT (multidetector-row CT) with improved diagnostic accuracy have been developed, which increase diagnostic accuracy, but still have a lower accuracy for the invasion depth compared to gastric endoscopic ultrasound.([@B24]-[@B26])

In this study, a new approach that diagnoses serosal invasion in patients with AGC was explored. The results of this study showed that a significant correlation was found between clinicopathological parameters that can be assessed before the surgery and serosal invasion, and that the serosal invasion risk was stratified into the low-, intermediate-, and high-risk groups, via the combination of the predictors of serosal invasion. However, the prediction of serosal invasion, using the criteria of the high risk group, had 32.6% sensitivity and 89.7% specificity, which were not high enough. Thus, this method was shown to be inappropriate for diagnosing serosal invasion.

On the contrary, if diagnostic laparoscopy is selectively applied to the serosal invasion, high-risk group among patients with AGC, when the aforementioned stratification is applied to clinical practices, the frequency of conducting diagnostic laparoscopy is expected to decrease by 25%. If the conventional radiologic evaluations with this stratification are used for more accurately diagnosing the invasion depth of gastric cancer before surgery, and diagnostic laparoscopy is selectively conducted on patients with a high risk of serosal invasion, the incidence rate of peritoneal metastasis, during radical gastrectomy is expected to decrease.

In addition, the gross type of tumor, that is, the growth pattern of the tumor was shown to be correlated with serosal invasion risk, and the risk of serosal invasion increased in proportion to tumor size. Furthermore, in the cases of tumor extending to the whole stomach longitudinally or encircle the stomach circumferentially, rather than tumor location itself, concurrent serosal invasion was shown in most cases. Thus, the characteristics of tumor that can be grossly assessed, such as AGC\'s gross type, size, and location, were shown to be closely correlated with serosal invasion by the tumor. These gross characteristics can be easily found via endoscopy or upper gastrointestinal endoscopy before surgery.

An overall survival analysis, according to serosal invasion risk, showed that the patent\'s prognoses were poorer in the high-risk group than in the other groups. This result indicates that risk stratification for serosal invasion is correlated with the patient\'s disease stage. Based on the results of this study, an algorithm for the diagnosis and treatment of patients with AGC was presented, using the preoperative predictors ([Fig. 3](#F3){ref-type="fig"}). In particular, diagnostic laparoscopy, including peritoneal lavage, is recommended to be conducted on the high-risk group for the accurate determination of disease stage.

The results of this study showed that the clininopathological parameters, which can be assessed before surgery, were correlated with serosal invasion in Borrmann I/II/III type patients with AGC, and that serosal invasion risk was stratified via the combination of predictors, such as Borrmann type, tumor size, and histologic grade. If the conventional imaging studies are used with this risk stratification of serosal invasion, suggested in this study, it could decrease the frequency of conducting diagnostic laparoscopy, and help build a treatment plan that is appropriate for the individual patients.

This study was supported by a grant from Ministry of Education, Science and Technology (MEST), Republic of Korea through the Program of Research and Development of Radiopharmaceuticals (50556-2011, 50556-2012).

![Risk stratification for serosal invasion in advanced gastric cancer.](jgc-12-149-g001){#F1}

![Overall survival curves for low-, intermediate- and high-risk groups of serosal invasion in patients with advanced gastric cancer.](jgc-12-149-g002){#F2}

![Diagnostic and treatment approach in patients with advanced gastric cancer (AGC).](jgc-12-149-g003){#F3}

###### 

Univariate analysis of preoperative factors for serosal invasion in advanced gastric cancer

![](jgc-12-149-i001)

###### 

Multivariate analysis of preoperative factors for serosal invasion in advanced gastric cancer

![](jgc-12-149-i002)

CI = confidence interval.
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